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ABSTRACT

Global climate change has a broad and profound impact on human
social and economic development. As one of the most distinguishing
observations of climate change, sea level rise exacerbates marine
disasters such as storm surge, coastal erosion, and seawater
intrusion, which threaten the socio-economic development of coastal
areas. As an expert on global climate change, the interviewee noted
that ocean plays an absolutely dominant role in global climate
system, and further emphasized the non-synchronicity and non-
uniformity of global sea level rise. He also pointed out that basic
research on global climate change needs to be more extensively
applied in climatology, disaster prediction and control, urban
planning and design, and other disciplines, in order to provide
scientific support on risk assessment and management for urban
construction of coastal regions.
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What role does the ocean play in global
climate change?

Xianyao CHEN (CHEN hereafter):
My findings demonstrate that the ocean
plays a dominant role in global climate
change. One of the most important
reasons is the enormous heat capacity of
ocean — more than 90% of the thermal
absorption of the whole global climate
system is stored in the oceans, which,
thus, impacts the energy balance of
global climate system. For this reason,
the variation of the ocean circulation
impacts the thermal distribution of the
climate system, which further impacts
the change of sea surface temperature,
resulting in climate change that we can
perceive. For example, between 1998
and 2012, although greenhouse gas
emission had continued to increase,
the speed of global average surface
temperature rising had slowed down.
Some therefore questioned whether
greenhouse gases would lead to global
warming or not, and some argued that
the emission of aerosols caused during
China’s rapid economic development
blocked the net heat radiation reaching
the surface. However, by analyzing the
observed data, we found that the global
warming had not “stopped,” instead,
oceans transported more heat into the

mid-deep layer (200 m and deeper)
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through the circulation variation,
which slowed the rising speed of sea
surface temperature. These findings
also suggest that if the variation of
ocean circulation is not favour for

the heat transport into the mid-deep
ocean, the surface temperature would
rise noticeably according to the current
greenhouse gas emissions. This also
demonstrates the significant impact of
oceans on climate change. Of course, all
the components of the Earth’s climate
system, including the atmosphere,
cryosphere, hydrosphere, etc., are
organically and closely linked with each
other. Thus, the changes of oceans are
the result from the complex interactions
with other spheres. Our understanding
of these processes is very limited and
still requires in-depth research. What I
would like to emphasize is that we need
to realize the dominant role oceans play
in the climate system, as well as in the

process of global climate change.

Is there any non-synchronicity or
non-uniformity in terms of sea level rise

on the global scale?

CHEN: Yes, the global sea level
rise we are now talking about is in an
average sense in terms of the rising rate
and the time dimension. Our research

is usually conducted on an interannual



scale, where the global sea level rise
rate averages a few millimeters per
year.

The total amount of water on the
Earth stays basically a constant, while
in different time scales, oceans’ change
and impact varies. For example, the
impact of an El Nifio process may
cause a few centimeters change in sea
level within a few months. In 2011,

a very strong La Nifia phenomenon
occurred, resulting in a significant
increase in global terrestrial rainfall
(increased ocean evaporation
transferred water to the land). The
total rainfall amount was extremely
huge — according to scientific
estimation, the water evaporated from
the ocean and fell on land caused a
global average sea level falling by
approximately 5 centimeters within
the year; the water then returned
back to the ocean in the following
four or five months through runoff,
evaporation and penetration. Relevant
research shows that China’s coastal
sea level changes are greatly impacted
by El Nifio / La Nifa events. In 2015,
the peak year of the El Nifo event,
China’s coastal sea level was relatively
lower, compared with surrounding
years. After April 2016, when the El
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Nifio event ended, the tropical pacific
during June to September turned to

the La Nifa state, when the coastal sea
level in China reached a record high
level, 38 millimeters higher than that of
in 2015"). This kind of intense sea level
change far exceeded what the global
average speed.

Far beyond the scope of science, the
issue of climate change is often debated
with politics, economy, and even
national interests. How do you consider
the various factors behind the issue of
climate change?

CHEN: From a scientific
perspective, I do not believe that we
have fully understood the process of
global warming; we cannot clearly
determine the impact of human
activities on climate change, either.

The slowdown of the global warming
from 1998 to 2012 is an exact proof.
In 20185, an article published on Science
stated that the natural variability of the
climate system could exceed the impact
of human activities at any time. All
scientific researches aim at improving
human’s capacity in prediction of
climate change. However, due to limited
observation condition and awareness,

most of current climate models are not
able to accurately simulate or predict
global warming and the correlation
between human activities and natural
variability, which requires more in-depth
study in future.

Unlike the scientific community’s
cautiousness on the issue of climate
change, some individuals, institutions,
or even political groups, have over-
interpreted these research findings and
predictions which yet cannot be seen as
completely reliable results in a scientific
sense. For certain political or economic
interests, their arguments are lopsided
and often ignore the time dimension. For
example, the research on sea level change
shows that the global sea level declined
in 2012 and rose in 2013; if someone
comes up with a conclusion of either
rising or declining sea level change trend
only based on the data of one single year,
the fallacy would mislead the public.

Coastal area is one of the main
subjects in urban planning and design,
and cities continue to expand to the
seashore. In your opinion, how should
researches related to climate change,
including studies on sea-level rise, provide
practical guidance on urban resilience
design?
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CHEN: The results of marine
scientific research have important
guiding significance for the planning
and development of coastal cities. The
time scale of oceanic change is quite
long — some changes take more than
10 years or 20 years — the impact
of oceanic change is, thus, a slow
accumulation process which is difficult
for us to notice or observe until it
causes huge disasters with lasting
impacts.

Sea level rise is such an example:
our research shows that the sea level
rising speed is usually a few millimeters
per year. Some designers consider it
as a negligible result and such studies
can hardly influence their planning
decision on the urban development
and construction in coastal areas
because they believe that the impact of
a hundred-year disaster could be easily
withstood by building engineering
structures with a few meters higher
than the norm. However, the rise of
sea level often causes latent disasters
with long-term accumulative effect
that would aggravate storm surge,
coastal erosion, sea water intrusion, salt
tide, and other disasters, weaken the
performance of coastal tide prevention
and drainage infrastructures, and

LANDSCAPE ARCHITECTURE FRONTIERS / VIEWS & CRITICISMS

exacerbate the intension and damage of
strong rainfall and flood occurred in the
high-sea-level days."

Offshore sightseeing, island tourism,
and port construction for marina use
are increasingly important development
directions to coastal areas. However,
low-lying coastal areas are vulnerable to
climate change, particularly the coastal
cities and coastal lowlands are more
directly impacted by sea-level rising.
2016 China Sea Level Bulletin stated
that in 2016, affected by accumulative
factors of climate change and sea
level rise, the coastal erosion area of
Liaoning, Hebei and Hainan provinces
worsened, Liaoning, Hebei and
Shandong provinces suffered heavier sea
water intrusion, and the high sea level
aggravated storm surges and floods
in Zhejiang, Fujian and Guangdong
provinces."! The Bulletin further
suggested different strategies according
to natural environmental conditions
and social-economic characteristics:
the development strategy for coastal
cities with developed economy and
dense population should focus on tide
prevention and drainage, water supply
safety, and land subsidence control;
for coastal lowlands with diverse
ecosystems, rich beach resources, and
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long natural coasts, we should pay high
attention to ecological preservation,
beach use, and coastal consolidation."
In conclusion, for the planning and
development of coastal cities, I think
planners and designers need to fully
understand the oceanic changes and
their impact. An inappropriate design
could adversely affect the city’s long-
term development and even cause
greater costs and damages. I hope that
basic scientific researches could be
applied to prediction and prevention
of climate and disaster, urban planning
and design, and other fields, offering
guidance for the relevant practice and

enhancing public awareness. LAF
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